tion (less and more intensive rehabilitation, respectively) have been shown to improve functional status in a large proportion of patients. 10, 16, 21 Race-based and insurance-based disparities in access to inpatient rehabilitation have been demonstrated in several studies; 1, 7, 19, 20 however, most of these studies variously included only inpatient rehabilitation (IR) as an outcome, excluded older adults, or were limited by their database and statistical methodology. 3, 7, 18 Frequently, studies classify non-IR discharge destinations as equivalent outcomes (e.g., home or skilled nursing facility [SNF] ). Unfortunately, these previous studies have not adequately accounted for the ordered nature of discharge destinations. We posit that discharge destination should be considered in light of the spectrum of rehabilitative services offered. The lowest level of the spectrum is home, in which no services are offered; the next level is home health, with outpatient or in-home services; this is followed by SNF; and the highest level of rehabilitation is IR. Hispanic and black patients with comparable injuries and rehabilitation needs who are discharged to a level of rehabilitation lower than that of NHW patients are likely to have worse functional outcomes and require more long-term community resources. 4, 16 The opportunity exists to reduce long-term sequelae as well as to improve functional status and outcomes in patients with TBI when higher levels of rehabilitative therapy are offered.
Little is known concerning the influence of race and ethnicity on discharge disposition for older adults with TBI. This injury disproportionately affects older adults, with incidence rising during the 6th decade of life. 5 As the population of the US ages, TBI is a significant source of morbidity and decreased functionality. Patients ≥ 65 years old have frequently been excluded from analyses, because it was thought that the uniformity of insurance coverage would decrease the disparity. However, if the disparity in discharge destination is absent or decreased in a group of older adults with uniform coverage, then this suggests a target of opportunity with policy implications for reducing this disparity in the larger population. Exploring the potential disparity in all levels of rehabilitative therapy is a significant, clinically relevant, and timely endeavor.
In this study we hypothesized that racial and ethnic disparities exist in the likelihood of discharge to a higher level of rehabilitation. Additionally, we hypothesized that the subgroup of Medicare beneficiaries ≥ 65 years old who have moderate to severe TBI would have less disparity due to the uniformity of insurance coverage.
Methods

Study Design, Data Source, and Study Population
This retrospective cohort study used data from the National Trauma Data Bank Research Data Set (NTDB RDS) for the years 2007-2010. The NTDB is a voluntary repository of de-identified trauma registry data from across the US and is maintained by the American College of Surgeons. These years were chosen specifically to include only years in which the NTDB used the National Trauma Data Standard, representing a marked improvement in data reliability and fidelity. Additionally, all American College of Surgeons-verified trauma centers were required to submit information in accordance with the National Trauma Data Standard beginning in 2007. 7 The initial analytical sample included observations in patients older than 18 years with an Abbreviated Injury Score for the head (AIS-H) of 2-5 who survived to discharge. Patients with injuries with an AIS-H of 1, representing minor injury, and injuries with an AIS-H of 6, representing fatal injuries by definition, were excluded. Patients who had an undocumented discharge destination, were discharged to another acute care hospital or to hospice, or who left against medical advice were also excluded. Patients with missing race information were then excluded. The sample was limited to individuals coded as NHW, Hispanic, or black, because of the small sample size in other racial categories. Patients in whom data were missing on insurance status, Glasgow Coma Scale-Motor (GCS-M), Injury Severity Score (ISS), mechanism of injury (MOI), sex, and length of stay (LOS) were excluded as well.
control variables and Outcome Measure
Patient data for analysis included the following: age; sex; race/ethnicity; insurance status (self-pay, Medicare, Medicaid, private, third-party payer, other); MOI (blunt, penetrating, other); ISS (range 6-75); AIS-H score (range 2-5); GCS-M score (range 1-6); LOS; days in the intensive care unit (ICU); and days on a ventilator. The primary exposure variable was race/ethnicity status, operationalized as one of three mutually exclusive categories: NHW, Hispanic, or black.
The outcome of interest in this study was discharge destination. Observations were categorized into one of four mutually exclusive discharge categories: IR; SNF; home with home health services; and home. These categories represent decreasing levels of care at discharge and, to some degree, decreasing potential intensity of rehabilitation services available to an individual.
Statistical analysis
Differences among NHW, Hispanic, and black groups were compared using the Pearson chi-square test for categorical variables and ANOVA for continuous variables in unadjusted cohorts. We also calculated absolute standardized average mean differences (ASAMD) to compare covariate imbalance before and after the adjustment was made using propensity score weighting.
Complex relationships between race/ethnicity, observed control variables, and outcome measures significantly increase the potential for bias in underspecified or misspecified multivariable models. Therefore this study used a multiassignment propensity score, estimated via a multinomial logistic regression, to derive the conditional probability of assignment according to race/ethnicity category (NHW, Hispanic, or black) given the observed prehospital variables. Inverse probability of treatment assignment weighting (IPTW) was performed to achieve balance among race/ethnicity categories for selected prehospital variables. The prehospital variables included age, sex, insurance status, MOI, AIS-H score, GCS-M score, and ISS-after a literature review, our confounding variables for inclusion in the IPTW were decided a priori because these are associated with the outcome (discharge destination) and exposure (race). The ASAMD was compared between the unweighted and IPTW groups to assess balance. Following IPTW and balance assessment, ordered logistic regression was used to estimate odds ratios for discharge to a higher level of rehabilitation, with IR being the highest and home being the lowest level of rehabilitation. The regression was adjusted with in-hospital covariates (LOS, days in the ICU, and days on a ventilator) that were found to be associated with the outcome, and included robust clustered (hospital) standard errors to account for repeated observations within facilities.
A subgroup analysis was completed in patients ≥ 65 years old who were Medicare beneficiaries, using the same statistical methods. All analysis was completed using STATA software (Version 12; StataCorp). The a priori level of statistical significance was set at p < 0.05 for all analyses. The study was reviewed and deemed exempt by the university's institutional review board.
results
The NTDB for 2007-2010 contained 7,618,816 incidents, of which there were 435,376 incidents in patients older than 18 years with an AIS-H score of 2-5 and a discharge destination of interest. In 17,870 incidents no race or ethnicity was recorded, 31,811 incidents were classified as other racial or ethnic minorities, and 96,445 were missing data in at least one variable; these incidents were excluded. After these exclusions, the final study population consisted of 299,205 incidents (Fig. 1) .
The mean age of the study population was 48 ± 21 years (mean ± SD), with a majority being white (77%), male (67%), diagnosed with blunt injury (94%), and discharged home (71%). Hispanic (82%) and black (77%) patients were more likely to be discharged home than NHW (69%). Conversely, NHW individuals (12%) were more likely to be discharged to IR than Hispanic (9%) and black (8%) individuals (p < 0.001) ( Table 1) .
Following IPTW for age, sex, ISS, AIS-H score, GCS-M score, MOI, and payer source, the ASAMD for the adjusted sample was significantly improved in most covariates and below the suggested 10% threshold in all covariates. Figure 2 demonstrates the balance in our unadjusted and propensity-weighted samples.
According to ordered logistic regression on the IPTWadjusted sample, black (OR 0.94, 95% CI 0.91-0.97) and Hispanic (OR 0.71, 95% CI 0.68-0.75) individuals were significantly less likely than NHW to be discharged to a higher level of rehabilitation (Table 2) .
Unadjusted demographic data in our subgroup analysis for Medicare beneficiaries ≥ 65 years old (n = 56,235) are displayed in Table 3 . The average age was 77.9 ± 6.9 years, 91% were NHW, and 52.6% were female. The MOI was blunt in 98.3%, and 52.3% had an ISS ≥ 16. Only 44% were discharged home. Following IPTW, balance was achieved in the covariates as previously described. The ordered logistic regression demonstrated that the disparity persisted, with Hispanic (OR 0.79, 95% CI 0.71-0.86) and black (OR 0.87, 95% CI 0.81-0.94) patients significantly less likely than NHW patients to be discharged to a higher level of rehabilitation (Table 4) .
Discussion
There are population-specific differences in the presence of disease, health outcomes, quality of health care, and access to health care services that exist across racial and ethnic groups in the US. 13 As the US becomes more diverse in the coming decades, efficiencies in health care delivery will not be achieved unless health care disparities are addressed. In this study we demonstrated the existence of disparities in discharge destination in the TBI population. We found that Hispanic and black patients were sig- nificantly less likely to be discharged to a higher level of rehabilitation than similarly matched NHW patients. This disparity persisted in our subgroup examination of older adults with uniform Medicare coverage. Previously, Shafi et al. demonstrated that minority patients were less likely to be discharged to IR; however, the study did not include other discharge destinations within the analysis, and minority status was binary. 18 Englum et al. interacted race with insurance status, finding Hispanic and black patients were less likely to be discharged to any form of rehabilitation. 7 However, this study excluded patients ≥ 65 years old and did not account for the ordered nature of discharge destination. Our study advances prior knowledge by explicitly accounting for the inherently ordered spectrum of rehabilitative services in discharge destinations. This study is the first to demonstrate that not only are minority patients with TBI less likely to be discharged to IR, they are in fact less likely to be discharged to a concordant level of rehabilitation than their matched NHW counterparts. In addition, this study is the first to demonstrate that these racial and ethnic disparities persist in a population of older adults with TBI despite coverage by uniform public insurance.
The limitations of working with a large retrospective administrative database include selection or reporting bias-we were unable to account for unobserved or unrecorded patient or location characteristics. Socioeconomic indicators are not available in this data set, although we did use insurance status, a known marker for socioeconomic status, in our IPTW analysis. Additional data such as secondary insurance, geographic location, and hospital-level characteristics may be useful, but these are not captured within the NTDB. However, given the analytical sample size and the robustness of our estimates, these unobserved characteristics would need to be a strong risk factor for a lower level of care and exhibit a strong imbalance in distribution among race/ethnicity categories to mitigate our findings.
Another limitation of our study is missing data; 22% of our study cohort was dropped because of missing variables. Previous studies have used multiple-imputation techniques to manage missing data by mirroring a complete data set. 11 However, this method relies heavily on the assumption that the data are missing at random. In our preliminary analysis we found strong evidence that our data were not missing at random; therefore multipleimputation techniques could not be used in this study. To minimize these sources of bias, we chose to implement IPTW for race/ethnicity status and complete case analysis in our propensity score and outcome models, therefore substantially reducing the potential for bias in our estimates. Another limitation is the classification of race and ethnicity itself. In this data set, race and ethnicity may not be self-assigned, but rather administratively conferred, therefore introducing uncontrollable sources of error. Finally, the NTDB is an incident-level registry rather than a patient-level registry; thus we were unable to identify and control for patients with multiple traumatic events who may be represented in the database multiple times. Historically, health care disparities among minorities have been regarded as a marker for socioeconomic status, with insurance status tightly intertwined in the outcome. 2, 14 Yet, we have shown that even in a uniformly insured (Medicare) population ≥ 65 years old, this disparity persists. This has significant economic implications at the societal level as well as cognitive and functional implications at the patient level. 6 There are numerous unexplained variables that probably play significant roles in this disparity, including sociocultural norms and family support systems as well as physician and patient expectations. Patients and families may believe that they can be best cared for at home, rather than in a facility; however, patients with TBI may be less functional at home, relying heavily on others (particularly their immediate family) for assistance with activities of daily living. 6 This results in decreased contributions to the workforce by not only the patient but also their primary caretaker. The resulting economic burden to the individual, family, and society is significant. 6, 12 Importantly, physicians and therapists may inadequately communicate the benefits of rehabilitation and the differences in the discharge destinations. 1 Physician attitudes, cultural competency, and real or perceived expectations of functional prognosis must be considered as sources for this disparity.
conclusions
With the changing health care paradigm and the implementation of the Affordable Care Act, addressing persistent racial and ethnic disparities in the US with emphasis on access, quality, and outcomes is of paramount importance. 2 A prospective qualitative analysis of physician and stakeholder understanding and expectations of discharge destinations is warranted.
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